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Introduction
NAG5-2484 was awarded to support analysis of appropriate IUE archival spectra
in an attempt to determine the boron abundances of A and B-type stars from
the B II 1362/_ resonance line. A paper was in press describing the results of
our analysis; the abstract of that paper is attached to this report.
Analysis
The IUE spectra were analysed by the P.I. and Dr. Kim Venn (formerly of UT
Austin, then a postdoctoral fellow at the University of Munich, Germany) with
assistance also from Dr. M Lemke (formerly a postdoc, at UT Austin, then a
research associate at the University of Cambridge, England). The method of
spectrum synthesis was adopted.
IUE Spectra
High resolution, ultraviolet spectra were gathered from the IUE archives. For
each star, the archives were surveyed for SWP spectra; these spectra were ex-
tracted and coadded in order to achieve as high a signal-to-noise as possible.
Our preference was for spectra taken with the small aperture since these tended
to have a higher signal-to-noise per exposure; however, when few of these were
available, and if there were several spectra taken with the large aperture, than
we coadded these. Before coadding, the spectra were shifted so that the spec-
tral features lined up as well as possible around 1362/_; spectra were typically
shifted by less than 0.2 pixels. Of all the IUE spectra examined only 8 stars
proved to have a combined signal-to-noise (_> 15) that was deemed adequate to
determine the boron abundance or to provide an interesting upper limit.
Results and Conclusions
Boron abundances were obtained for three stars and upper limits for five ad-
ditional stars. The IUE spectra for the many other B stars that we exanlined
proved to have to low a signal-to-noise ratio for a useful synthesis.
Conclusions concerning the role of boron as an indicator of the evolutionary
status of A and B type stars must be tempered by the realization that the B II
1362 /_ line is not unblended. There is a possibility of unidentified lines con-
tributing to the absorption feature that we attribute to B lI. This qualification,
however, does not preclude us from drawing several useful conclusions.
A meteoritic/solar boron abundance, log e (B) = 2.8, results in a 1362 B 1I
feature that is too strong to match the observed spectrum of all our program
stars. In particular, the predicted feature fails to match the observed one for the
twomainsequencestarsthat appearunmixedaccordingto theirlownitrogen
abundances.Themaximumboronabundancefromoursmallsampleis about
0.8dexlessthanthemeteoritic/solarvalue.Thecorrectinterpretationof this
differenceisasyetunclear.It mayrepresentatrue(natal)reduction,asseems
apparentforC,N,andOfromtherecentanalysesofB starscitedabove;infall
of primordialmattercouldaccomplisht eseoverallreductions.Masslossby
mainsequenceBstarscanalsoleadto areducedinitialboronabundanceif the
cumulativelossexceedsabout2 per cent of the initial mass. Unless the extreme
outer layers are unexpectedly convective, mass loss will not lead to a steady
reduction of the surface boron abundance but rather provide for an abrupt
decrease as the layers thoroughly depleted of boron are exposed. Alternatively,
the boron abundances from LTE analyses of the spectra of these warm and
hot stars may be an underestimate of the true abundance, this possibility
deserves to be tested by non-LTE calculations that are now feasible, although
BHs observation that the derived boron abundances are independent of Tea over
the entire range (9000 to 25000 K) would seem to suggest that non-LTE effects
are small.
Whatever the true initial boron abundance of these stars, and despite the
possibility of non-LTE effects, it seems clear that boron is depleted in some
stars, and especially in the supergiants. There is a suspicion that the nitrogen
and boron abundances are anticorrelated, as would be expected from mixing
between the H-burning and outer stellar layers. The magnitude of the nitrogen
enrichment (0.3 dex or so) and the boron depletion (a factor of _ 100) are
roughly consistent with predictions of the first dredge-up. If, as we suspect, a
residue of boron is present in the A-type supergiants, we may exclude a scenario
in which mixing occurs continuously between the surface and the deep layers
operating the N-enriching CN-cycle.
Further exploitation of the B II 1362 ._ line as an indicator of the evolu-
tionary status of A and B-type stars will require a larger stellar sample to be
observed to the higher S/N ratios attainable with HST. Time has been granted
to this project. A parallel effort to improve the completeness of the required
atomic data should be undertaken. Calculations have been made to assess the
magnitude of the non-LTE effects.
Publication
The following paper was published in Astronomy and Astrophysics, vol. 307, p.
307, 1996: The Abundance of Boron in Evolved A- and B- Type Stars, Kim A.
Venn, David L. Lambert, and M. Lemke.
ABSTRACT
Boronabundancesin A- andB-typestarsmaybeasuccessfulwayto track
evolutionaryeffectsin thesehot stars.Thelight elements- Li, Be,andB -
aretracersofexposureto temperaturesmoremoderatethanthosein whichthe
H- burningCN-cycleoperates.Thus,anyexposureof surfacestellarlayersto
deeperlayerswill affecttheselight elementabundances.Li andBeareused
in this rolein investigationsof evolutionaryprocessesin coolstars,but are
notobservablein hotterstars.An investigationof boron,however,is possible
throughtheBII 1362/_resonanceline.
V_rehavegatheredhighresolutionspectrafromtheIUE databaseof A- and
B-typestarsnear10Me.. for which nitrogen abundances have been determined
(by Gies & Lambert 1992 and Venn 1995). The BIx 13621 line is blended
throughout; the temperature range of this program, requiring spectrum syn-
theses to recover the boron abundances. For no star could we synthesize the
1362/_ region using the meteoritic/solar boron abundance of log e (B) = 2.88
(Anders & Grevesse 1989); a lower boron abundance was necessary which may
reflect evolutionary effects (e.g., mass loss or mixing near the main-sequence),
the natal composition of the star forming regions, or a systematic error in the
analyses (e.g., non-LTE effects). Regardless of the initial boron abundance, and
despite the possibility of non-LTE effects, it seems clear that boron is severely
depleted in some stars. It may be that the nitrogen and boron abundances are
anticorrelated, as would be expected from mixing between the H-burning and
outer stellar layers. If, as we suspect, a residue of boron is present in the A-type
supergiants, we may exclude a scenario in which mixing occurs continuously
between tile surface and the deep layers operating the CN-cyele. Further ex-
ploitation of the B I1 1362/k line as an indicator of the evolutionary status of A-
and B-type stars will require a larger stellar sample to be observed with higher
signal-to-noise as attainable with the Hubble Space Telescope.
